Abstract
Introduction
Bipolar disorder (BD) is a chronic recurrent condition affecting approximately 2% of the world population (Grande et al., 2016; Merikangas et al., 2011) . Alongside the acute episodes, the illness encompasses a significant negative impact on the quality of life, cognition and life expectancy of those affected (Angst et al., 2002; Kessing et al., 2015; Martínez-Arán et al., 2004; Michalak et al., 2005) .
Biological rhythms disturbance has been suggested as a potential mediator not only of the mood episodes but also of the impairment and reduced quality of life in BD patients (Ashman et al., 1999; Giglio et al., 2010; Murray and Harvey, 2010; Rosa et al., 2013; Shen et al., 2008) . Previous studies reported that biological rhythm disturbance was proportional to the intensity of depressive symptoms in BD, and both variables contributed to a poorer psychosocial functioning (Pinho et al., 2016) . Variations of the biological rhythms are widely recognized as one of the most common warning signs in BD, being part of the diagnostic criteria for mood episodes (American Psychiatric Association, 2013; Harvey et al., 2009 ). However, until recently, there has been a lack of well validated instruments available to correctly assess this issue. The Biological Rhythms Interview of Assessment in Neuropsychiatry (BRIAN) was designed as an assessment tool to ascertain most of the biological rhythms´ domains (i.e. sleep/wake cycles, social activity and diet intake). It has been validated in different countries and languages, and extensively employed with the aim of evaluating biological rhythms in BD (Giglio et al., 2009; Moro et al., 2014; Rosa et al., 2013) .
Accordingly, the disturbance of biological rhythms has been addressed by evidence-based psychotherapeutic interventions in the field of BD. Improving habits regularity is, very likely, one key factor in order to understand the proven efficacy of psychoeducation in BD (Cardoso et al., 2015; Colom and Vieta, 2006) . Not by chance, each and every psychological intervention tested in the field of BD includes lifestyle one way or another. Particularly, Interpersonal and Social Rhythm Therapy (IPSRT) and other Social Rhythms therapies (SRTs) have targeted biological rhythms with some encouraging results (Frank, 2007; Frank et al., 2005; Haynes et al., 2016) .
Unfortunately, there are several barriers hampering psychological treatments´ broad implementation and availability (Colom, 2011; Reinares et al., 2014; Stafford and Colom, 2013) . It is assumed that the vast majority of bipolar patients worldwide do not have access to a proper psychotherapeutic treatment.
Internet-based resources may improve the accessibility and affordability of psychological treatments for the whole affected population. Interestingly, people diagnosed with BD often use internet to gather information about their condition (Bauer et al., 2016) . Hence, there is an increasing number of initiatives aimed to adapt psychotherapeutic treatments to Internet platforms (Hidalgo-Mazzei et al., 2015a) . Most of them, attempted to provide psychoeducational contents and programs over web-based platforms, showing high levels of feasibility but mixed results regarding its efficacy (Hidalgo-Mazzei et al., 2016) .
On the other hand, the rising use of smartphones has further enhanced the potential to ubiquitously and unobtrusively track behaviour and mood (Gershon et al., 2016; Glenn and Monteith, 2014) . This is especially relevant since, in recent years, a great percentage of socializing activities have shifted from "traditional in-person" to online social networks, nowadays mostly centred on smartphones (Morahan-Martin and Schumacher, 2003; Sarwar and Rahim Soomro, 2013) .
Despite these advancements, very few of the current smartphone applications (i.e. app) developed for BD routinely assess sleep and most of them cover a small percentage of psychoeducational contents, revealing an overall poor evidence-based quality (Nicholas et al. 2015) . The SIMPLe project main aim is to provide mood monitoring and personalized psychoeducation contents through a smartphone app. The psychoeducational contents cover all the modules of evidence-based psychoeducational programs. Furthermore, content related to sleep/wake cycles was especially emphasized both in the app monitoring and psychoeducational messages (Hidalgo-Mazzei et al. 2015b ). The central purpose of the SIMPLe app, as an adjunctive to treatment as usual, is to promote BD patients' self-management and empowerment in order to modify behaviours and prevent relapses alongside quality of life improvement. The feasibility and satisfaction of the first version of the SIMPLe 1.0, relying solely on the use of the app and subjective information, was evaluated in a 3-month feasibility trial which has shown 74% retention rates (Hidalgo-Mazzei et al. 2016b ).
In the context of this trial, the main aim of this study is to evaluate the impact of the SIMPLe app on biological rhythms regulation.
Methodology
The intervention SIMPLe 1.0
Overall, the SIMPLe 1.0 app consists of a daily short 5-item screening test, where the user has to reply by means of a visual friendly slider to his/her state regarding current mood, energy, irritability, night-sleep duration and medication intake. This daily assessment is completed once a week with a more comprehensive YES or NO test, considering all DSM-5 criteria for manic and depressive episodes including -and paying special attention to-suicidal thoughts. Based on this collected information, a daily pop-up notification prompts the user to read a short psychoeducational message. The time to fulfil the daily tests and to receive psychoeducational messages could be configured by the user as well as the day of the week to do the weekly test. Psychoeducational messages are based on an evidence-based group psychoeducation program (Colom and Vieta, 2006 ) and other client-aimed materials produced by the Bipolar Disorder Group at Hospital Clinic of Barcelona. These educational messages provide the user with a brief information or advice of how to deal with specific situations to avoid a relapse. Each message is extracted from a library of more than 500 messages categorized according to different clinical situations. The application´s algorithm selects which category should be targeted based on the users' answers (e.g. if adherence problems are identified, the educational message will focus on this issue). One of those categories is specifically aimed to tackle circadian rhythms and sleep disturbances.
Procedure, participants and measures
The feasibility study evaluating the first version of the app was conducted from March 2015 to June 2015 as part of the broader SIMPLe project. The sample (N=51) consisted of a consecutive sample of remitted BD patients to whom it was requested to use the application. The eligibility criteria included a diagnosis of a BD type I, II or not elsewhere specified (NES) based on DSM-5 criteria. The study was approved by the Ethics Committee of the Hospital Clínic of Barcelona and registered at clinicaltrials.gov (Identifier: NCT02258711).
Sociodemographic data and results of clinical assessments were collected during the study. The following clinical measures were administered in face-to-face interviews at baseline and after 3 months of the app use: the Spanish validated versions of the Young Mania Rating Score (YMRS) (Colom et al., 2002; Young et al., 1978) and 17-item Hamilton Depression Rating Score (HDRS) (Hamilton, 1960; Ramos-Brieva and Cordero-Villafafila, 1988) , 4-item Morisky-Green test (MG) (Morisky et al., 1986 ) and the BRIAN -validated Spanish version- (Giglio et al., 2009; Rosa et al., 2013) . The BRIAN is a 21-item evaluation considering five main areas of daily rhythms (i.e. sleep, activities, social rhythms, eating patterns and predominant circadian rhythms). Each item is scored using an ordinal 4-points scale according to the frequency of daily habits disturbance, ranging from 1 for never to 4 for often. The total BRIAN score is the sum of all individual items scores. Thus higher scores suggest a greater degree of rhythms disturbance (Giglio et al., 2009 ).
Additionally, the use of the application as well as the input of subjective data was analysed from the data stored at the cloud server during the duration of the study. Detailed baseline characteristics of the sample, the app design process and the results of the feasibility study are described in detail elsewhere (Hidalgo-Mazzei et al., 2016 , 2015b .
Statistical analyses
An assessment of normality was previously performed to determine the distribution of the variables implicated in the analyses. Accordingly, paired t-test analyses were employed to compare baseline and follow-up BRIAN´s domains and total scores. We further divided the group in completers and non-completers according to whether they had used the application for the 3-month period or abandoned it before the conclusion of the study. In order to evaluate differences between both groups regarding BRIAN scores, paired t-test and ANCOVA analyses were performed. Other clinical variables changes and app use parameters, which could possibly affect the BRIAN scores, were evaluated as well using Wilcoxon signed-rank test, Pearson´s correlations, and multiple regression and ANCOVA analyses. Statistical significance was established at p = <.05 level. All analyses were two-tailed and carried out using SPSS version 23.0.
Results
The Shapiro-Wilk test for the BRIAN scores showed not statically significant results (p=0.17) which led to assume the normality of its distribution. The BRIAN's mean total score of the whole sample significantly decreased before and after the intervention (35.89 (SD 6.64) vs. 31.18 (SD 6.33), t=4.29, p=0.001). Amongst the BRIAN's domains, all of them but the activities score (p=0.071) were significantly reduced (p<0.05).
The baseline sociodemographic and clinical variables divided by completers and non-completers are presented in Table 2 . A t-test for independent samples was conducted to compare relevant baseline clinical variables (i.e. previous episodes, years since diagnosis) between both groups, showing no statistical significant differences. After recruitment, two patients never activated or used the application, thus these cases were left out of the analyses. At baseline, there were not significant differences regarding total BRIAN mean score among the group of completers and non-completers (35.28 (SD 6.96) vs. 37.62 (SD 5.53), t =0.36, p=0.73). At follow-up, there was a significant difference between both groups regarding the total BRIAN mean score (29.47 (SD 6.21) completers vs. 35.92 (SD 3.90) non-completers, t=2.50, p=0.02). In order to determine the statistically significant difference between groups on post-intervention BRIAN total scores controlling for pre-intervention baseline scores, we conducted a one-way ANCOVA. After a Levene's test and normality checks ensured that assumptions were met, the results confirmed the significant differences between groups on the final score, F (1, 46)= 10.545, p=0.002.
We further explored the relations of the BRIAN post intervention scores with the app usage parameters. We found significant correlations between this score and the frequency of weekly interaction with the app (r=-0.45, p=0.01), the number of weekly tests completed (r=-0.49, p=0.01) and sleep time reported (r=-0.50, p=0.01). It is relevant to mention that the daily test mood scorewhich had been previously significantly correlated with final YMRS and the HDRS (Hidalgo-Mazzei et al., 2016)-was not significant (r=-0.20, p=0.94) . After controlling all these parameters with the final BRIAN scores with a multiple regression analysis, only the completion rates and the sleep time were able to significantly predict BRIAN scores (F(2, 46) = 18.637, p < 0.001) with an R 2 of 0.448).
Since variations of the BRIAN could be related not only to the intervention but also to medication adherence assessed through MG, we further explored this association. 
Discussion
Biological rhythms are key ingredients of most psychological interventions for BD and may play a different role in different phases of the therapy. Habits regularity is recommended by each and every guideline as a must in the prophylactic management of the illness and, of course, all BD psychological interventions have included "habits regularization" amongst their components (Reinares et al., 2014) . Moreover, advice on habits is not only important in prophylaxis, but it is part of the non-pharmacological approach of oncoming episodes; i.e. in the case of early identifying a depressive episode, the therapist will suggest augmenting activation and limitation of sleeping time as a therapeutic advice whilst in the case of a "hype" the therapist usually will recommend cutting down the number of activities and augmenting time spent chilling out (Vieta et al., 2017) .
Undoubtedly, these recommendations would be less useful in the case of a full-blown episode but are vital for aborting an episode which is about to start, once the patient is able to proceed with early identification of episodes. This is why all these recommendations are extremely common with psychoeducated patients (Colom and Vieta, 2006) . And, it is worth noting, changes in habits regularity are usually the episode prodromes more commonly referred by patients during group psychoeducation, when they are asked to compose a list of early signs for every episode (Colom and Vieta, 2006) . Psychoeducation is, hence, able to help patients to change for good their habits. Cardoso and colleagues found an improvement in sleep and social domains of the BRIAN after 12-months in a group who received a brief group psychoeducation intervention on top of the usual care in comparison to those who only received usual care (Cardoso et al., 2014) . In addition, the same authors reported an improvement in the quality of life in the psychoeducation group (Cardoso et al., 2014 ).
However, the worldwide availability of psychoeducation is still scarce (Colom, 2011) . Many affected patients -probably a vast majority-will never have access to psychoeducation or similar therapies due to scarcity of trained therapies, costs, geographical availability and many other "real world"
restrictions limiting treatment dissemination.
The growth of Internet-connected technologies opens new pathways to overcome these limitations (Emmelkamp, 2005; Glenn and Monteith, 2014; Hidalgo-Mazzei et al., 2015a) , especially given the proven accuracy smartphone-based interventions when it comes to evaluate and potentially alter biological rhythms. In this regard, Murnane et al. found that smartphones usage in healthy controls is closely correlated to chronotype, alertness, and sleep (Murnane et al., 2016) . Moreover, Runyan et al. found that the use of smartphone applications improve self-awareness, which is widely suggested as a key positive behaviour change factor (Runyan et al., 2013) . Similarly, but specifically addressing BD, Abdullah et al. evaluated the feasibility of inferring social rhythms in a sample of BD patients using automatically captured smartphone data. The authors found that solely relying on this kind of information it was possible to accurately predict social rhythm stability (De Crescenzo et al., 2017; Geoffroy et al., 2015; Scott et al., 2017 ).
The present study shows positive effects of a psychoeducation-focused smartphone application as adjunctive to treatment as usual (TAU) in 4 out of 5 biological rhythms-related domains. When comparing pre and post BRIAN scores, SIMPLe showed efficacy at improving sleep, social rhythms, eating pattern and predominant rhythm. Changes regarding the "activities" domain also occurred as a trend, without reaching statistical significance, perhaps due to the limited sample size.
It should be noted that, being medication adherence modules another core component of psychoeducation, the medication adherence improvement alone could explain the biological rhythms difference between pre and post-intervention (Depp et al., 2008; Melo et al., 2016) .
Interestingly, Colom and colleagues reported increased regularity on lithium intake routines -and, hence, increased stability of serum lithium parameters-associated with psychoeducation (Colom et al., 2005a; Rahmani et al., 2016) . Since in our results there was an improvement in both fields, the fact that medication adherence helps habits regularization should not be entirely ruled out (Chatterton et al., 2017; Colom et al., 2005b; Wenze et al., 2016) . Similarly, we should not discard the opposite: the patient becoming more adherent by means of being more regular, as many medication intakes are linked to a very specific routine (i.e., taking the pills immediately before meals, or when brushing teeth, etc.). Even though, besides sleep and circadian rhythms, it is hard to link the medication adherence with other domains which have shown improvement, such as social and diet rhythms; these are commonly not directly related to pharmacological effects but instead to direct behavioural pattern changes. Indeed, in the present study the differences between completers and non-completers in the BRIAN total score remained significant after controlling the results by medication adherence.
The therapeutic advantages of improving biological rhythms and habits regularities through a simple and non-invasive device go beyond optimization of mood and avoidance of recurrences. As said, "regularly timed" patients may become more adherent (and, by being more adherent become even more regular, in a virtuous circle) and with the passing of time they will reduce the need of having a sedative compound prescribed. It has been described that subjects having a good sleep-wake regulation are also more prone to showing better cognitive performance, a phenomena probably mediated through adenosine (Reichert et al., 2016) , so we may hypothesize on the importance of habits regularity to deal with neurocognitive problems associated to BD.
Another advantage of having a healthier chronotype has to do with the well-established link between biological rhythms and obesity (Gonnissen et al., 2013) , something to keep in mind considering that weight gain is a common -and difficult to treat-problem in people with BD and has also been related with a poor prognosis of the illness (Fagiolini et al., 2003) . Last, if we consider the increase morbidity described for the bipolar population, it is remarkable the relationship between alterations in circadian rhythms and increased lipid peroxidation (which it's related to increased likelihood of Alzheimer disease and several types of cancer). This relationship exists in women suffering from BD but not in controls (Cudney et al., 2014) . This suggests, again, a much-improved general health in "regularly timed" patients.
This is not the first study evaluating an Internet-based platform targeting components of biological rhythms in BD. Lieberman et al. tested the effect of a web-based mood and activities charting system -a key component of IPSRT-in the social rhythm of 64 BD patients during 3 months. They found a 31% increase in social rhythm stability and a significant decrease in symptoms (Lieberman et al., 2011) . But in the mentioned study, the web seemed to work merely as a substitute of paper agenda, without using proper internet resources. In contrast, SIMPLe adds psychoeducational contents directly and dynamically targeting biological rhythm variations.
Nonetheless, some of the remaining questions that need to be solved regarding online interventions are the long-term engagement and the sustained effect of these approaches; especially, whether self-monitoring is modifying behaviour per se -as has been shown with other psychosocial interventions-or whether it is just a short-term Hawthorne like artefact (Colom et al., 2009; Depp et al., 2014; Hidalgo-Mazzei et al., 2015a; McCambridge et al., 2014; Torous et al., 2016) . For instance, Depp et al. evaluated an add-on psychoeducation program using a mobile intervention. The authors reported an initial improvement at 6 and 8 months regarding depressive symptoms in the active group but unfortunately the effect did not remain significant after 24-months follow-up (Depp et al., 2014) . However, there is still an ongoing discussion about the duration that these interventions should have, as well as the best methods to retain patients in long-term online interventions (Morrison et al., 2012) . In this regard, user-centered design (UCD) and gamification stand out among the new approaches suggested to improve engagement (McCurdie et al., 2012; Miller et al., 2014; Roth et al., 2014; Valimaki et al., 2008; van der Weegen et al., 2013) .
Overall, taking into account the correlation of passive smartphone information data with social and circadian rhythms as well as the feasibility of delivering psychoeducational contents based on subjective information Hidalgo-Mazzei et al., 2016) , there is enough grounds to assume that these same devices could act as an external interactive biological rhythm pacemaker.
Therefore, the use of the app seems to have contributed to regulating altered patterns in BD as it has been proved by the improvement of rhythms variables in comparison with users who stopped using the app. Future versions of the SIMPLe app (i.e. SIMPLe Plus) should be able to clarify some of these uncertainties, thanks to the possibilities to passively collect information from smartphone usage patterns and wearables alongside subjective information in order to tailor even more the psychoeducational contents. However, to definitely confirm the efficacy of this approach more research in the field is needed.
Limitations
It is worth mentioning that our results should be taken with caution due to some factors derived both from the smartphone app and the study. Intrinsic limitations of the app are described in detail somewhere else (Hidalgo-Mazzei et al., 2016) . Regarding this particular study, it is important to note that analyses were conducted in a single group consisting of a consecutive sample of BD patients in a tertiary level reference centre. Additionally, it is worth mentioning that the small sample size does not allow the immediate generalization of the results in a wider and diverse population. Hence, this study may not represent the general population of BD patients at primary care facilities, and there is the possibility of having included individuals particularly motivated to use these devices. On the other hand, the sample included in this study represents a real-world clinical population of BD patients.
Secondly, due to the design of the study, the analyses were mainly based on pre-post measures without an active control group, which limits the interpretation and emphasize the possibility of a Hawthorne or placebo effect (Torous et al., 2016) . For the same reason, it is difficult to rule out the indirect influence in biological rhythms change due to changes in medication adherence despite the fact that we also controlled its role as a covariate. Furthermore, an increased baseline motivation in the use of new technologies among the completers group in comparison to non-completers could not be ruled out due to the lack of a randomization process.
Finally, due to time and resources constraints, the study was conducted during only three months, which is certainly a short time-frame to evaluate the long-term effects of any intervention; longer follow-up is ongoing.
Conclusion
The use of a smartphone application delivering personalized psychoeducational contents for BD, as an adjunct to TAU, has shown preliminary evidence of its capabilities to improve and regularize a key factor in the course of the disorder, as are biological rhythms. Despite the above-mentioned limitations, the results of the current study -together with the high feasibility that had been obtained with the use of the app (Hidalgo-Mazzei et al., 2016)-could pave the way for delivering in the near future a cost-effective tool to help regularize biological rhythms, and consequently improve the prognosis of this disorder as long as results of more long-term controlled trials become available.
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